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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
TECHNICAL NOTE NO. 440 
FLIGHT TESTS TO DETER! ~ INE THE EFFECT OF A F IXED 
AUXILIARY AI RFOIL ON THE LIFT AND DRAG 
OF A PARASOL MONOPLAJE 
By Hartley A . Soule 
SUMMARY 
During an investiga tion in the N . A.C.A . verti cal wind 
tunnel of means of increasing the speed range of airpl~De s, 
a combination of a fixed auxiliary airfoil and wing was 
found that gave results c omp a rable wit h those obt~ined with 
automatic slots . In order to verify these results, compar-
ative flight tests were made with a s ma ll parasol monoplane 
in which the aerodynamic character i stics of the air p l ane 
were determined with the no r mal wing and with an auxiliary 
airfoil installed. 
The results of these tests showe d that the maximum 
lift coefficient of the airplane , based on the orig inal 
winG area, was increased from 1.35 to 1 . 9 6 , through the u se 
of the auxiliary ai r foil, while the minimum d r ag was in-
cr eased from 0 . 050 to 0.052 . Although th e actual values of 
the coefficients do not check the wind-tunnel res u lts, the 
percentag e increases in the coefficient s are in fair agree-
ment. The installation of the auxiliary air foi l on the air-
plane tested decreased the lan d ing s p eed 9 miles per hour, 
and increased the level-flig ht speed r ang e 10 pe r c en t. 
INTRODUCTION 
In connection with its program lead ing to greater 
safety in landing , the Nation~l Adv isory Committee for 
Ae ronautics is conductin g an investi gation of devices for 
incr ea sing airplane speed raD6 es by increasinc the r atio 
_
CL_m_ a __ x of the wing s. Spe cial attentio n is being direc ted 
CDm~n 
to devic e s having nO moving parts, co nsequently being free 
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from the possibility of mechanical trouble. 
A series of tests recently made in the vertical tunnel 
showed that promising results could be obtained with a fixed 
auxiliary airfoil (fig. 1) mounted above and ahead of the 
main wing. (Reference 1.) Before proceeding further with 
the wind-tunnel tests, it was thoug ht desirable to test the 
best arrangement of the wing and auxiliary airfoil foun d to 
date in flight, to make certain that the comparisons made 
in reference 1 were not invalidated by a difference in 
scale effect on the normal wing and on the wing with the 
auxiliary airfoil installed. 
This paper presents the results of the flight tests. 
The tests were made with a small parasol monoplane. Its 
aerodynamic characteristics were measured with the normal 
win g and TIith an installation of an auxiliary airfoil cor-
res p onding to the best arrang ement given in reference 1. 
With both wing conditions, the characteristics were meas-
ured from the angle of attack of minimum drag to the high-
est angle of attack at which the control was adequate for 
maintaining steady conditions. Computations were made to 
show the effect of the auxiliary airfoil on the performance 
of the airplane. 
APPARATUS AND METHOD 
The airplane used in the fli g ht tests was the Fair-
child 22, a small parasol monoplane. Its principal dimen-
sions are given on Figure 2. It is fitted with a wing hav-
ing the N-22 airfoil section, a span of 32 feet 10 inches, 
a chord of 66 inches, and an area of 171 square feet. 
It would have been more desirable to have tested the 
auxiliary airfoil in conjunction with a wing having a Clark 
Y section, the Clark Y section having been used in the 
tests of reference 1. However, an airplane with a Clark Y 
wing was not available. The feasibility of constructing 
such a wing for the Fairchild 22 was considered, but be-
cause of the similarity of the characteristics of the Clark 
Y and N-22 sections, and the probab ility that the effect of 
the auxiliary airfoil would be similar with either section, 
the extra time required for building a new wing was thought 
unwarranted. 
I ' 
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The dimensions and arrangement of the auxiliary air-
foil are shown in Figure 1. The airfoil section was the 
same as that used in the wind-tunnel tests, and the loca-
tion was the optimum found in those tests. The auxiliar y 
airfoil had a span of 30 feet, a chord of 10 inches (15.2 
per cent c, where c is the chord length of the main 
wing), and an area of 25 square feet (14. 6 per cent of the 
main wing area). It was located sO that its trailing edge 
was 10 inches (15.2 per cent c) ahead of the nose of t~e 
main wing and its chord line was 9 inches (13. 6 per cent 
c) above and parallel to the main wing chord. 
The auxiliary airfoil was constructed of laminated 
spruce and had a duralumin trailing edge. It was atta c hed 
to the lower surface of the main wing by nine steel tubes 
(fig. 3) , one at each drag strut. No attempt was made to 
save weight in the design, as the additional weight helped 
to maintain the proper relation between t he center of p res-
sure and center of grav ity for satisfactory balance in 
flight, and also because the distribution of forces between 
the auxiliary airfoil and main win g was unknown. The total 
incr ease in weight due to the installation of the auxiliary 
airfoil was approximately 130 pounds. 
The tests of reference 1 showed that the addition of 
the auxiliary airfoil would move t h~ center of pressure 
foruard a considerable distance, and indicated thereby that 
it uould be necessary to move the center of grav ity of the 
airplane for~ard. The required change in the center of 
gravity of the airplane was found by t ria l. With the ori g -
inal wing , satisfactory balance wa s attained with the cen-
ter of gravity at 30.9 per cent of the wing chord. With 
the auxiliary airfoil installed , the cen t er of g ravit y was 
shifted forward to 27 .1 per cent of the main wing chor d to 
attain satisfactory balance. 
The aerodynamic characteristics of the airplane were 
found by gliding with the propeller stopp ed and measuring 
the angle of the flight path, the attitude of the airplane 
(pr opel ler axis), and the dynamic pressure during the ; l~ d e. 
The flight -path angle and dynamic p re s sure were measured 
with a phot ographic recording instrument (reference 2) sus-
pended 90 feet below the airplane where the influence of 
the wing on the flow was neglig i ble . A recording incli-
nometer was used to determine the airplane's attitude. 
From the weight of the airplane at the time of the fli g ht 
and the flight-path angle, the total lift and drag forces 
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were found. The drag of the suspended instrument had been 
determined (reference 3) and a correction fo r it was ap-
plied to the drag forces . The lift and drag fOrces were 
then reduced to coefficient form through the introduction 
of the dynamic pressure and wing area. The angle of attack 
was obtained from the difference between the flight path 
and attitude angles. The rang e of angles of attack covered 
was from _3 0 for both wing conditions to 16 0 for the normal 
wing , and to 28 0 for the wing and auxiliary airfoil. 
Duri.g the glides the propeller was always stopped in 
a vertical position by means of a brake f i tted to the hub 
an d. operated by the Filot. On complet i on of the flight 
tests the dra g of the propeller was determined in the full -
scale wind tunnel. The drag coefficient of the propeller 
~hen based on the wing area was found to have a practically 
constant value of 0.008 for all ang les of attack and for 
both win g conditions. This value was used in deducin~ re-
sults for the airplane without propeller . 
RESULTS 
The final results of the tests are presented in graph-
ical forD in FiGures 4 to 9, inclusive . Figu re 4 shows the 
aerodynamic characteristics of the a~rplane with the normal 
N-22 wing . The experimental points are shown and no cor-
rection is made for the propeller drag. Fig ure 5 gives 
similar data for the airplane fitted with the auxiliary 
airfoil . The data of the fi gures are based on the ma i n 
win g area . Figures 6 and 7 are compa rative curves of the 
results for t~ e two wing conditions a.fter a correction has 
been made for the propeller drag . Figure 6 is based on the 
main wing area only, while Figure 7 is based on the actual 
areas. 
In order to show more clea rl y the effect of the in-
stallation of the auxiliary airfoil on the performance 
char a cteristics of this particular airplane , Figures 8 and 
9 have been included . Figure 8 is a velocity diagram and 
Figure 9 is a plot of the comparative performance curv e s . 
The horsepower-available curve of Fi g ure 9 is only approx-
imate, being computed from estimated propeller and eng ine 
characteristics. Figur e 8 is ba sed on the data of Figure s 
4 and 5 for the stopped p rope ller condition . In Fi gures 8 
and 9 the gross weigh t of the airplane for the normal wing 
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was taken as 1 , 500 pounds. For the wing an d auxiliary air-
foil, all owanc e was made for the probable increase of 
weight caused by a reasona bl y well-des ign ed installation of 
the auxiliary airfoil as an i~teg ral part of the wing. 
This allowance was 60 pounds, and was arr ived at on the as-
sumption that the projected area of th e wi ng and e.uxiliary 
airfoil would have the same unit wei gh t as the wing alone. 
PRECISION 
The pre cision wi th which the a erodyna mic characteris-
tics can be determined by g lide tes ts was established dur-
ing previ ous tests. (Reference 3 . ) As the 'present tests 
were conducted in a si milar manner to the pr evious ones and 
with the same instruments , i t is very probable the same de-
gree of prec ision was attained. The limits of precision as 
given in reference 3 are: for the li f t c ur ves, ±2 per cent; 
for the drag curves, + 3 per cent; and for the angles of at-
tack, ±0.3°. 
DISCUSSION 
In a comparison of the aerodyna mic characteristics of 
the Fairch ild 22 airplane with the n ormal N- 22 wing and 
with the auxiliary airfoil installed, there are several 
items of particular interest. These a re : the maximum lift 
coefficient, the minimum dra g coefficient , the speed-range 
C 
criterion _~~~~. and the maximum LID rati o . A direct 
CDmin 
comparison of these items can be made by reference to Fi~­
ure 6 wher e the results with the two win g conditions have 
been cal cul a ted on the bas i s of the ma in wing area onl y. 
Figure 6 shows that for the normal wi ng the maximum 
lift coefficient is 1. 35, the minimum dra g coeff ic ient 
0.050, and max imum LID 9.3. Wi th the auxiliary airfoil 
installed, the values are 2 . 0 3 , 0 . 052, and 9.3, respectiv e-
ly. Computations give the spe ed- range criterion as 27 for 
the normal wing , and 39 for t he wing and auxilia r y airfo il. 
Before proceedi n g further with the co mparison of the two 
wing conditions, it is necess a r y to note the p eculiarity of 
the lift curve for the airplane with the auxil i a r y airfoil 
at hieh angles of attack. This peculiarity is shown on 
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Figure 6 by the two distinct lift curves above an angle of 
attack of 24°, and is evidenced in fli g ht during a steady 
glide by an abrupt change in the attitude of the airplane, 
after which there is no tendency to oscillate longitudi-
nally and the ensuing glide is as steady as that before the 
change. Becaus e of th is phenomenon, i t is considered un-
safe to exceed an angle of attack of 24°, parti cul arly in 
landing. At 24° the lift coefficient is 1.96, and compa ri-
sons will be made with this practical val u e for the lift 
coe f ficient except in certain specific cases, which will be 
noted. On this basis, the speed-range criterion is 38 . 
Throug h use of the auxi liary airfoil, the maximum lift co-
efficient and the speed-range criterion were increased 4 5 
per cent and 40 per c ent, respectively, whil e the minimum 
dra g coefficient was increased only 4 per cent and the max-
imum LID remained unchanged . 
In the usual case, the drag of an airplane wing con-
stit u tes only a small proportion of the total ai r plane drag 
at low angles of attack. The relative p rop ortions of the 
wing drag and total dra g vary consider a bly for differen t 
airplanes. Consequently, for a mo r e g ener a l applic a tion of 
the test results it is necessary to consider the effect of 
the auxiliary airfoil on the wing alone . As it was imp os -
sible to determine t h e dr pg of the win g alone from g lide-
test data, the value 0.011 was taken for the minimum drag 
coefficient for the N-22 wing from the variable-density 
tun nel measurements reported in reference 4. On the basis 
of this dr a g coefficient the speed-range criterion for the 
normal wing is 12 3 . The difference in the minimum dr a g co-
efficient s for the two wing conditions is attributed to the 
eff e ct of the auxili ary airfOil on the wing dr ag onl y . The 
minimum drag coefficient of the win g and a u xili a ry airfoil 
is then 0 .013, and t h e speed-rang e criterion 151. T ~ ege 
values re r resent incr e ases of 18 p er cent and 23 per c en t, 
respe ctiv e ly , over the corresp onding values for the wi ng 
alone. 
As was expected, the actual values for the var i ous 
items under consideration from the fli ght tests do not 
agree with those from the wind- tun n el tests given in ref-
erence 1. Therefore the comp ariso n of the fli ght and tun-
nel results is made on the basis o f t h e percenta ~ e increa s es 
obtained throlgh the use of t h e auxiliary airfo i l . For t h i s 
comp arison, the absol u te value 2 . 03 is used for the maximum 
lift coefficient for the wing and auxiliary airfoil ins tea d 
of t h e practical value 1 . 9 6 . On this bas i s, the incr eas e s 
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shown by the flight tests are: for the maximum lift coef-
ficient, 51 per cent; for the minimum drag c oe fficient, 1 8 
per cent; and for the speed-range criterion, 23 per ce nt . 
Reference 1 g ives corresponding values of 51 pe r cent, 25 
per cent, and 21 per cent. The agreement is satisfactory. 
The above comparisons show only the eff e ct of the au.x-
iliary airfoil on the characterist ic s of a giv en wing. It 
may be desired to compare the wing with a ux iliary air foi l 
with other wing sections ~nd high lift combinations. In 
order to permit such a comparison, the coeff icients for the 
wing with auxiliary airfoil have been comput ed on the basis 
of the actual areas of the combination and plotted in Fig-
ure 7 . The maximum lift coefficient on this basis is 1 . 71 
instead of 1.96. However, there is a proportionate de-
crease in the minimum drag coefficient so that the spe ed-
range criterion remains unchanged. Judgm8nt should be ex-
ercised i n comparing the maximum lift coefficient of the 
wing-auxiliary-airfoil combination with that for a plain 
win g , as it is possible to construct a soli d wing wit h a 
chord equal to the over - all chord of the comb ination of the 
same weight as the combination. For this reason, the speed-
range criterion probably is a bett er basis than maxi mum lift 
coefficient when comparing the wing with auxiliary airfoil 
with plain wings having reasonably high values for maxi mum 
lift coefficients . It is also well to note in this connec-
tion that the small cen te r-of- pressure travel for the wing 
and auxiliary airfoil shown by the wind-tunnel tests is an 
advanta ge not to be ignor ed in a comparison o f the device 
with othe r wing sections. 
The imp rovement to the pe r formance of the Fairc ~i l d 
22 airplane g ained through the use of the auxiliary air-
foil is shown in Figures 8 and 9 . Of particu lar note on 
Figure 8 is the decrease of 9 miles ~er hour in the land-
ing s pee d for the airplane with the auxiliary airfoil in-
stalled. Also of interest is the fact that althoug h t~e 
minimum g liding ang les are identical, 6 . 6°, for the two 
wing c:onditions, the angle of glide for the wing and a'J.x-
iliary airfoil at 24 0 angle of attac~ is 17 .1 ° , whe re-
as at the stalling angle of the normal wing the gliding 
angle is only 8. 6 0 • In fact, at the hi g hest angle of 
attack attained for the norma l win g , 2 0 beyond the stall, 
the angle of g lide is 13 . 1 0 , which is still 3 .7 0 be-
low the unstalled g lide of t'le wi ng and auxiliary airfoil. 
It is interesting to note i n connection with this consi de ra-
tion of gl iding angles that from a point at an altitud e of 
100 feet the airplane with the auxiliary airfoil coul d be 
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landed without stalling from 326 fe e t to 8 60 feet horiz on-
tal distance from the pOint. Witho u t the auxiliary air-
foil the landing range wo u ld be from 660 feet to 860 feet. 
Figure 8 also shows that if an angle of attack of 24 0 was 
exceeded with the win g and a u xiliary airfoil, the vertical 
velocity would be likely to increase suddenly 220 feet p er 
minu t e becau se of the previously mentioned peculiarity in 
the lift curve. 
Figure 9 shows that although the high speed is de-
cr e ased 1.7 miles per hour through the use of the auxiliary 
airfoil, the low speed in level flight is decreased 5 .0 
mil e s p e r hour, resulting in a 1 0 per cent increase in s p eed 
range . It is interesting to note that the high d r a g at 
large ang les of attack, althoug h an advantag e in increasing 
t h e g liding angle when landing , is a disadvantage at ta~ e­
off in that the power required at maximum lift is consid e ra-
bly in excess of that available . The actual take-off mu st 
b e ma d e at a lift coefficient of 1.75 instead of 1.9 6 , and 
co n sequ ent ly the actual take-off s p eed is 3 miles per hour 
g r ea t e r than the potential take-off s p eed. The high dr ag 
at l a r g e ang les of attack is inherent in most hi gh-lift de-
v ices, and the feasibili ty of insta l ling controllable-pitch 
prop el l ers in conjunction wi t ~ such devices should be con-
sider ed. i~ e max i mu m ra te s of cl imb for the two conditions 
ar e n ot g reatly di f feren t , being 5 8 0 feet per minute with 
th e nor mal wing and 550 feet per minute with the auxiliary 
air fo il installed. It ap p ears, also, that t h e auxiliary 
air fo il reduces the maximum ang le of cli n b from 6 .2 0 to 
5 . 3 0 a ~ d t h e absol u te cei l ing from 14,000 fe e t to 12,000 
f ee t. It s h oul d be borne in mind that these fi g ures are 
based on an as sumed horsepower av a ilable curve and are not 
in tend e d to r epresent the actual performance of the air-
p lan e. 
The satisfactory results obtained with the auxili a r y 
airf o il of t h e Fairchild 2 2 airplane show its possibili t ies 
a nd the de s i rability of continuing the wind-tunnel tes t s. 
T e s t s s houl d be made of the device in its final form to de-
te r mi ne the d istribution of forces between the airfoil a nd 
ma in wing sO that rational stress a n al y ses can be made for 
f ~ture inst a llations. 
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CONCLUSIOl~ S 
1 . The maximum practical lift coefficient of the 
Fairchild 22 airplane, based on the main win g area on l y , 
was increased from 1. 35 to 1. 96 by use of an auxi lipry air-
foil, while the minimum drag c oefficien t was onl y incr eased 
from 0 .0 50 to 0.052, and the maximum LID was not a pprec5.-
ably affe ct ed . 
2 . The percentage incre a se in max i Lmm l ift coeffi-
cient of 51 per cent found by the flight tests is in a6ree-
ment with that found in the te st s of the auxil iary airfoil 
in the vertical wind tunne l in which the aux iliary airfoil 
was in app ro x imatel y the same posit jon rel at i ve to the main 
wing. 
3 . For t h e wi ng a lo ne , the ratio CLmax ----- was i n-CDmin 
creased f r om 123 to 151 by the ins ta llati on of the auxilia-
ry airfoil. 
4 . The installation of the auxili r y a irfoil on t~e 
Fairch i ld 22 airplan e caused a decrease of 9 mi les per hour 
in landing s p eed and an increase of 10 per cent in the 
level-flight s p ee d r ang e. 
Langley Memo ri a l Aeronaut ic al Lab or ator~ , 
National Advisory Commi ttee for Aeronautics, 
La _Gle y Fie l d , Va . , Octo be r 25 , 1932 . 
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